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1. GENERAL 


1.1 This section provides REA borrowers, consulting engineers, 

contractors, and other interested parties with information for 
use in the design and construction of REA borrowers' telephone systems. 

TE & CM 822, Issue 3, dated December 196?. The purpose 
or this section is to discuss minimum protection requirements for carrier 
eqtiipment and to explain what is expected of equipment now being fur>- 
nished. This revision updates the information previously covered. Local 
grounding of metallic outdoor carrier equipment housing is very strongly 
recommended by this revision to minindLce personal shock hazards. The 
material formerly contained in the appendix to this section has been 
updated and incorporated in new TE & CM 823, "Use of Gas Tube Arresters. '' 


1.2 Carrier equipment should be capable of meeting the protection 
requirements of REA Specification PE-60, "REA Specification for 
Trunk Carrier Multiplex Equipment" or equivalent requirements contained 
in other REA carrier specifications. Suitable protection apparatus 
the wuppUei^”^*^**^ supplier, and used in the manner specified by 
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All carrier equipment now on REA's "List of Materials Acceptable for Use 
on Telephone Systems of HEA Borrowers" was accepted on the basis of teat 
data or experience which demonstrated the acceptability of the equipment 
from the standpoint of protection considerations. 

1.3 It is the supplier's responsibility to insure that the internal 
protection design is adequate; provide all the protection equipnent 

except ground electrodes, wires, connectors, etc.; and provide protection 
practices for the equipment being installed. It should be noted that some 
protection apparatus, nuch as gas tubes and zener diodes, may be sealed 
within the equipnent so as not to be accessible. This is done at the 
option of the supplier and depends on his views concerning field mainte- 
nance of those devices. 

1.4 Most carrier equipment is provided With protector mountings that 
are accessible so the protectors can be serviced. The mountings 

are sometimes equipped to accommodate either gas tube or air gap carbon 
protection interchangeably. REA recommends the exclusive use of gas tubes 
to protect carrier eqiiipment. 

1.5 Tlje protection apparatus used must coordinate with the inherent 
dielectric strength and surge current-carrying ability of the 

carrier equipment involved in order to be effective. Assiuring this 
coordination Is the responsibility of the equipment supplier. 

2. I’ROTECTTHN STANDARDS 

2.1 The electrical protection portion of Specification FE-bO contains 
the protection 3tandai.-d8 applicable to all carrier equipment in- 
cluding lightning protection criteria for cable carrier, open wire carrier, 
and carrier equipment using ac power. The protection standard does not 
require equipment to withstand the currents and/or voltages derived from 
direct contact with power lines as this is impractical. However, para- 
gra|;^3 4 and 8 herein provide information on how to minimize equipment 
damage from ac power faults. 

2.2 Specification PE-60 requires surge tests which simulate lightning 
conditions on cable plant and open wire plant. However, additional 

protection may be desirable where cable type subscriber cairiers are 
used on extensive runs of open wire. (See Outside Plant Carrier Pro- 
tection, paragraph 9). 

3. EIECTCC^NIC EQUIPMENT PruyrKCTTCN DESIGN 

3.1 Protection deoign is based on preventing lightning surges in excess 
of tho surge cajability of any component of the equipment from reach- 
ing that component, Ihe wecikest components are usually semiconductor 


- 2 :.:- 



REA IE & CM 822 


devices. Many asraiconductors can tolerate only very ismall stxrgas, and 
need to bo protected by low voltage devices. 

Because the low voltage protecticsn devices themselves have Haiited surge 
capability, they, in turn, need to be protected by higher voltage 
protection devices idiose characteristics are tailored to coordinate with 
the surge limitations of the low voltage protection. Equipment may 
contain several stages of protection, such as high, intermediate, and 
low voltage protection apparatus for these reasons. 

3.11 the technique for determining if the protection design objectives 
have been met is to subject the carrier equipment to surge tests 
with the high voltage protection apparatus removed (see FE-60). The 
niiagnittKle of the applied surge is equal to the theoretical maximuin idilch 
the carrier equipment can receive when field mounted with the high volt- 
age protection in place. When intermediate voltage protecticm apparatus 
is also used, additional tests are made at low voltages with this inter- 
mediate protection removed. 

3.2 Carrier is often used on long toll circuits and frequently provides 
many channels on one or two p^aical pairs. Contin^ty of service 

on carrier circuits is very importeuit. Gas tubes are recommended instead 
of carbon blocks for protection to avoid service outages idiieh could other- 
wise occur from grounded carbon blocks. Some gas tubes can be mounted 
directly on printed circuit boards. Varistors, saner diodes, current- 
limiting resistors, high-loss transformers, inductors, resistor-capaci- 
tors, shielding, and isolation techniques are other common methods used 
to protect transistorised circuitry. 

3.3 Hie degree of protection needed depends on the circuitry and the 
environment of the installation. When transistors are buffered by 

passive circuitry, such as filters, transformers and relay windings less 
protection is necessaiy. Many CO terminals are adequately protected by 
main distribution frame (MDF ) protectors for these reasons. Solid-state 
ccmponents b )ing more sensitive to lightning damage may need additional 
protection. An example of equipment which can be severely e3q>osed to 
lightning Is the four-wire repeater shown in Figure 1. Terminals A, B, 

C, D, E, F, G, and H are connected to cable pairs. Repeaters such as 
these are installed at regular intezvals along cable routes. 

3.4 .Gas tube arrestors should normally be used as high voltage 

protection to protect against the more severe electrical disturb— 
ances. They operate as voltage controlled switches that are ordinarily 
open. When surge potentials exceed their operate value, the "switch'' 
closes, providing a means of routing the surge around canqianents which 
could be damaged. 
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■?,A1 G*8 tube arrestora raaj b© used ©ithsr in series fro® input to 

output (aee Figure 3A) or In parallel (a® with buffer protection). 
When used in parallel, breakdown of the first arreister will usually 
prwont breakdown of the second. Wh®ra arresters are us^ in series, tM 
breakdown of the ccsabination will be higher than that of * single azreeter, 
with the possible exception of Aome 3 electrode units. Generally, 
two arresters of the saioe Toltage rating are used in series, the brealolONn 
will be 1.4 to 2 tines the breakdown of a single unit. 

3.42 Gap type arresters, either carbon electrode air gap or gas tube, 
require a finite but very short time to operate. In addition, 
the breakdown range of these units is usually quite wide. One typical 
type is listed as breaking down from 250 to 600 volts. As a resxu-t, 
additional low voltage protection having extremely fast operation and a 
precise operation level, is frequently required for protection of 
delicate electronic con^ponents. 

3.5 Air gap or gas tube euresters effectively protect e<piipment 
dating that time when fill of the arresters subjected to the surge 

are conducting simultaneously. However, most surges are not severe 
inoiigh to op#rat6 th# high Toltaga protacticatte fliis niaans that th® equips 

sent itself or the equipment with low voltage protection must be capable of 
withstainding voltiige stirges up to the maximum breakdown value of the high 
voltage protectors. 

3.6 Figure 1 is an example of a typical scheme of overvoltage protec- 
tion provided for a four-wire carrier repeater. With the esGceptlon 

of gas tubes 20 through 27, the components are usually mountsd en a 
printed circuit board. 

3.61 MetalUe (tip to r^) Surge Protection. In Figure 1, 

diodes 9 through 16 protect the amplifier circuitry from small 
metallic surges that could damage delicate electronic components. Re- 
sistors 1 through 8 limit currents that can flow in the seners and equip- 
ment to a safe value. As this current increases, the voltage drop acroao 
the reelstora becomes greater until it is sufficient to cause gas tubes 
20 through 27 to fire and bypass the surge completely around the repeater 
electronics. Gare must be taken to assure that the gas tubes fire 
before the assners or other electronics circuitry ai^ damaged. 

3-62 Longitudinal (input to output) Surge Protection . One of the most 
vulnerable points in a repeater is the power supply voltage 
droj^lng d'fodo, atoner 17 in Figure 1 , On a longitudinal surge, the 
voltage drop across the power supply diode 17 and resistor 18, increaeee 
to the firing level of gas tube 19» At this point the tube fir^s end 
bypasees the surge around the power supply. 




protsoilon (t«aign aolittion. 

4. PCWER SUPPLY SQUIPMfflIT PROTECTIOi 


4.1 Most carrier oyeteas require that power be furnished over the 
carrier physical conductors from central offices. Other carrier 

systems require a commercial ac power source. Cooimercia]. power lines are 
exposed to lightning and switching surges, and protection may be needed 
to prevent damage to the carrier equipment connected to this sotiroo, 

4.2 The preferred carrier eupply protection for ac powered equipment 
unloas buj.lt"in protection is Included in the design, is shown 

by Figure 2. The secondary arrester, steel conduit, gas tube, and self- 
restoring circuit breaker act together as an electrical prot'Sction cir- 
cuit, It le important that the secondary arrester bo installed at the 
weather head, and that a steel conduit be run from the weather head to 
meter base. The steel conduit provides reactance to lightning surges. 
This Increases the likelihood of operation of the secondary arrester, 
providing it is installed gt weather head . The power protector 
cwsiste of a heavy-duty gas tube and self-restoring circuit breakers. 
Wien the gas tube breaks down and conducts, the large current which can 
be drawn from the power system tends to force the tube to hold over. At 
this point the circuit breaker opens and permits the tube to restore. 
After the tube has restored to the nou-conducting condition the circuit 
breaker recloaos ajid power is returned to the carrier unit. If nonself- 
restoring ureakora, or fuoes, were used a num would be required to visit 
the site after each operation of the arrester to reset the breaker. 


4.3 Mgw'e 2 protec'-io) Is usxuaiy Justified only idhen the carrier 
equipment is pole mounted. It is not usua-Lly a 0 ce 3 S<ary for 
ao powered single channel station carrier subscriber terminals. Fro- 
tection of most single channel station carrier from ac surges is 

built-in high loss isolc-^tion transformer. This 
anxexas tne cic aloe of the equipiuent power supply and makes it un- 
necessary t.>i ;'rnvi'5o Flgui o 2 protection. 


5. FERSCNAJ. NSJViulHATIOKS 


5.1 M^y studies havo ' mn nuUe by others on the dangers of electric 

shock. IJaeet^ on tho repertod test results of such studies, REA 

recoramends thnt apocJal procautlonn bo taken whenever contact with an 

^ a shock severe enough to cause ventrieui «»• 

fibril Liti on. Vontri rW f jhri in-. i-iiT-i, * cause^vemiriculAr 

ar iiDiix.ui..iou is liJceiy to occur when a 60 H* 
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nas ac currant, oi 0„030 to 2 aisperos passes through one's cliaat cavltj, 
Bcm 9 stiriies ha¥® shown that sc is mor® dangerous than de by a ratio of 
sppr«i3iat«ly 3 or 4 to 1 and that duration ©f th® eurreot i® a »aJor 

factor. 

5.11 Th® abovennentioned studies show that th® r@si®tanc® of a dry ■ 
adult hiomn body is approximately 1(X),CXX) ohms. Wot or damaged 

skin reduces this figure greatly. Fifteen hundred ohms is a conserva- 
tive figure for an adult mala with intact skin with prespiration dampened 
hands, ftiis value has been generally selected as the assumed body re- 
sistance for safety calculations. 

5.12 Because of the above, it is REA’s view that every circuit from 

which in excess of 35 raA rms ac or 120 niA dc can be drawn through 

a 1500 ohm resistor (50V ms ac or 180V dc) connected from line-to- 
ground, or 37 mA rms ac or 133 oA dc through a 1500 ohm resistor con- 
nected from llne-to-line , should be classified as haaardous. The slightly 
greater values are permitted from line-to-llne because of the greatly 
reduced probability that line-to-line contacts would provide a low re- 
sistance path through the chest cavity. All possible steps shotild be 
taken to eliminate hasardous circuits from the syatsn. S^eptions to 
the above recommendations are circuits whose outside plant portions are 
entirely in cable, or cable and jacketed distribution wire which pre- 
vents more than finger contact, and from vdiich not more than 50 mA rms ao, 

or 180 mA dc, can be drawn from line-to-groiind for 5 seconds throtigh a 

1500 ohm resistor. Iheae circuits may be classified as "limited access 
circuits. " limited access circuits are tolerable for use within a tele- 
phone system, however, special precautions should be taken when working 
<m circuits of this classification. Ihe precautions should Include, as 
a minimum: (l) use of tools w:.th insulated handles, (2) rubber mats on 
the floor beneath the MDF appearance of these circuits, (3) distinctive 
color coding each appearance o ' these circuits in the CO, and (4) in- 
sulating shields over exposed .erininals of these circuits to prevent 
inadvertent contact with tliem. 

5.13 In aui effort to decrease hasards, and lessen special and costly 
precautions required when working on high voltage circuits, many 

of the present carrier systwas use either current limiting, or a quick 
dtsjconnect arrangement to keep plant personnel frcmx being subjected to 
hasardous current for more than a fraction of a second. 

5.2 Interconnection of power and telephone grounds is very strongly 
rocotnmonded vdionever ac power is used at a location. In order to 
protect personnel. The effectiveness of the protection is also 
Improved by a low resistance ground. A 5-ohra or lower resistance tele- 
ground is recommended (In addition to Interoonneetion with the 
power ground) if it can be achieved at a reasonable cost. 
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6. GAS TUBE PROTECTION APPLICATIONS 

6.1 Maintenance expmse and continuity of service are the controlling 
factors when considering gas tube protection. While gas tubes 

are more expensive than carbon blocks on a first-cost basis they sub- 
stantially reduce maintenance and equipment outage time vHhen properly 
selected. As stated earlier gas tube arresters are recommended for 
application c«i carrier circuits idileh require arresters* Specifying 
the make and type of gas tube used is the responsibility of the manu- 
facturer. When replacing carbon block protection, or adding buffer pro- 
tection to existing equipment the REA borrower should consult equipment 
manufacturers as to the proper arrester brealBiown voltage ran^for use 
with its equipment. 

7* CENTRAL OFFICE EQUIPMENT PROTECTION 

7.1 Carrier equipment mounted in a central office should be grounded 
by means of a #14 AWG or larger copper conductor connected to the 

central office ground bus. This gauge wire should be used for branch 
connections only, long runs such as from bay to CO ground bus to which 
many units are connected should be made with #6 AWG wire. Intercon- 
nection of the power service and central office grounds should be made 
with a #6 AWG copper wire, or equivalent, or larger, as reconmended In 
IS & CM 810. Specific instructions should be furnished by the manufac- 
turer when additional protection apparatus is needed other than the MDF 
protectors. NOTE; REA *8 electrical protection teats presume that 3-4 
mil (white coded) carbons, or equivalent gas tubes will be used as MDF 
protectors for electronic equipment. Use of higher yoitase arresters 
load to equlment damage . 

7*2 When remote repeaters and/or terminals are powered by high voltage 
(see paragraph 5.1) on the carrier pairs from the central office, 
it is strongly reconmendod that automatic disconnect equipment be fur- 
nished and installed at the office. This equipment automatically dis- 
connects power from the carrier pair idisnever a low impedance ground is 
suddenly Introduced on the pair. The feature should effectively protect 
personnel from shock hasards due to sustained contact with power. 

7.3 In order to roiiuco the risks from hasardous circuits in the 

central! ojl lcc-i, the uso of "dead front" or serai— dead front" frames 
la highly recommended. Terminal blocks and protection modules at which 
these circuits appear should be color coded with a bright color to 
alert the maintenance mai^ to the hazard. In addition, rubber mats should 
be used where personnel normally stand to work on hazardous connactionB. 
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8. JOINT USE CCNSIDERATIONS 

8.1 Wh«r« multigrounded nautral (MGN) power lines are built on Joint 
poles with either open wire, cable, or other aerial telei^one 

facilities, special problems can occur with carrier equipment protection. 
Figure 4 illustrates this situation. The effectiveness of the MDN as a 
carrier equipment ground depends on how often it is grounded, as well as 
how low a resistance each ground is. Poor M(4J grounding does not usually 
affect line wire or cable pair protection, but can adversely affect 
caiTior equipment protection. In general, carrier is presently designed 
to withstand lightning but not power faults. Self -clef ring power faults 
are typically of 67 to 350 milliseconds duration or even longer, whereas 
a lightning stroke is typically of 50 to 150 microseconds duration. 

Fewer fault current reaching carrier equipment is usually damaging 
because of its relatively long time duration . Carrier equipment must be 
protected from power fault current either by a well grounded MOTI or ty 
special techniques. 

8.2 Power faults to ground can energize portions of an MGN if it is 
not effectively grounded (usually because of high earth resis- 
tivity), For example, an MGN conductor with a 5-ohm ground, when sub- 
jected to a 1000 ampere fault current, would have a potential of 5000 
volts with respect to remote earth ground. In fact, no "grounding" con- 
ductor is at true ground potential except when no current is flowing in 
the conductor. If carrier physical circuits are grounded to an MCW as 
shown in Figures 4B and 4D, when the IZ drop across the ground resist- 
ance exceeds the breakdown value of the telephone arvesters, they will 
break down in the reverse direction as shown in Figure 4U, This pro- 
vides a short circuit between the energized portions of the WCN and 
telephone pairs for the duration of the fault. Fault current can flow 
from the energized portion of the MGN through telephone pairs to remote 
ground under theee circumstances. Extensive carrier equipment damage 
can occur ♦’rom this; however, from a personal sliock hazard dbandpolnt, 
there are situations where this damage may have to be accepted. In 
Figure 4D had the carrier not been bonded to the pole ground, the 

5000V appearing from the MGN to remote ground would appear from the 
pole ground to the repeater cabinet. As these units are in close 
proximity, and can be contacted by the general public, the result 
could be a severe shock hazard. 

8.21 Carrier equipment trouble caused by powfr system faults can be 
avoidoti by isolating carrier protectors from the MGN. Figures 
3 A-C show examples of repeaters powered from tv remote dc source, 
which have been isolated from the MON, Where i he carrier unit is on 
a nonjoint use pole, or is mounted on a Joint use pole which does not 
have aji vortical polo ground wire, isolation from the MC3I and 
protection can be arranged as shown on Figures 3B, 4A, and 4C. Carrier 
prot ection and I'ftN isolation should be accomplished without discon- 
necting t,he Mt}N from the main cable shield or strand. Bonds between 
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the MGN and the main cable shield or strand should not be removed 
because this will create a hasard to the public, to telephone 
personnel, and to plant in the event of a power contact, 

8.3 The Figure 3A repeater has built-in high dielectric strength 
between the equipment chassis and the equipment housing. Re- 
peater housing designs of this type are very convenient for isolating 
carrier protection from the MGN, The arreeters in the protection 
arrangement shown by Figure }A operate in series as they are not 
grounded. Figure 3A is an example of nongrounded by-pass protection . 
All cable trunk carrier equipment manufactured after April 1972, is 
required to be capable of employing this mode of protection. NOTE: If 
the equipment housing is metallic, it should be connected to a local 
ground or power MdJ if one is near by. This connection reduces 
personnel shock hazard for passerby who may come in contact with the 
cabinet and a good local ground. With the cabinet groimded, adequate 
dielectric strength between cabinet and chassis is essential for proper 
operation of the nongrounded bypass protection. NOTE: For personnel 
safety, the equipment chassis should be connected to the equipment 
housing temporarily while performing maintenance or testing at the 
repeater location. The housing release mechanism on some housings 
accomplish this automatically when the cover is removed; others require 
^at the nuaintenance man clip a cable between the housing and chassis. 
When the manually attached cable method is used, caution should be 
exercised when r-emoving metallic housings. Should the housing contact 
tne iloating chaceis while a foreign potential is present, the mainte- 
nance iruin couJ.d receive a shock. Some inar’ufacturers U '%3 plastic covers 
to elljiitiiat® t.hi3 shock hazards 


8.31 Jigure 3C is an example of an alternate approach to nongrounded 
bypass protection. In Figure 3A two arresters in series must 
^ surge to bypass the repeater from input to output. 

With Hguro 3C only a single arrester must break d<wri for a Rin-ge on 
either l ine to bypass; Uie equipment, 'fhe 3C configuration has the dis- 
advantage that It cannot be used for grounded protection as there is no 
common p’ourid point" as with 3A type protection. There is also a 
problem in obtaining protector mountings for this arrangement. 

B.4 a iiiet.alJ.; C our i or} pj.iuit housing is mounted on a power pole, 

Am flur I grounding coruiecLor of the housing sliould be bonded vrith a 

‘•f"'" '■“'■>-^■=■*1 pol* "ire. If present, 

rt ; i f ‘•'"'I'"®'' ■ ^ to maintain the ground wire 

housing at the same potential thereb 7 prevnntliw 
thf D^r SS. “^'“™ise might exist during a fault condition m 

With cert ain typie i of Ctible carriers, the carrier equipment 

cormectei'fn that the ccrrier equipment not be 

connected to ,ai electi-lc syntem grouiid. In such Instasicos 


cnrrtor 
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equipment housings and/or metallic buried plant housifsgs enclosing 
carrier equipment should be bonded to vertical pole ground td.res as 
required herein in paragraph 8.4 but the carrier circuitry and chassis 
should be isolated from the metallic housing by insulation having at 
least 20 kV dc dielectric strength. Ihe provision of this dielectric 
between the carrier circuitry and the housing makes it possible to use 
floating by-pass protection for the equipment and protection to the 
public by locally grounding the housing. It is the responsibility of 
the carrier equipment suppliers to provide the 20 kV dielectric 
strength between the cairler circuitry and chassis and the metallic 
housing if bypass protection is required. 

8.51 If a supplier specifies that the arrester in a carrier be 

grounded but not to an it is important that the separate 

grovmd electrodos be physically separated at least 10 feet to achieve 
effective isolation. 

9. OUTSIDE PIJVNT CARRIER mOTECTION 

9.1 low maintenance and protection from ac power faults are major 
protection considerations. Lower maintenance can be achieved 

by using gas tubo protection as discussed in paragraph 6, Damage 
f rom ac power faults other than direct contacts, can be avoided by 
isolating carrier equipment protection from the MSW, as discussed in 
paragraph 8. 

9.2 Where cable cairier is exposed to lightning surges from open 
wire, two add i I tonal protection methods should be considered. 

Figure 5 shows am exa-iipie of an installation where additional protection 
in the fonri of a heavy duty gas tube is provided at an open wire tap. It 
is assumed that the carrier equipment is installed on the cable facilities. 
Figure 6 shows an example of an installation where additional protection in 
tho fonn of heavy duty gas tubes are used on each side of the carrier 
equipment, llie gas tube ground electrodes shown in Figures 5 and 6 pro- 
tection should be tied to low impedance earth grounds. Figiares 5 and 6 
protection is desirable for cable type carrier eqiaipraent installed on 
open wire where the protective devices furnished with the equipment are 
standard < a* light duty gas tubes. 

9. I When Figures S and 6 protection is being considered, equipment 
selected should have performance characteristics which meet the 
carrier equipment manufacturers' recommendations. Improper selection 
or use of additional protective devices may not be effective. Gener- 
ally, installation of carrier equipment on open wire or cable facil- 
ities requires no additional protection measures other than those 
specified by the manufacturer. 
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9.4 Scow repeater equipment does not contain any dielectric aiaterial 
betireen the equipment chassis and equipment housing. Furthemore, 
the shield of the stub cable of the repeater may be bonded to the equip*- 
ment housing and to an aerial cable shield. Ihe aerial cable shield is 
bonded to the cable strand and the cable strand is usually bonded to the 
MGM, as shown by Figure 3A-C. Under these conditions if the criteria 
of paragraph 8.4 do not apply, the carrier protection can be isolated 
from the M3N by removing a 4-inch section of the stub cable shield and 
then repairing it with vinjfl tape. This shield opening is called an 
insulating Joint (see Figure 3B;. In order to reduce personal shock 
hasard, the equipment cabinet should still be grounded to a local earth 
ground. The use of the insulating joint prevents surges idiich may have 
gotten on the cable shield at a remote location from getting onto the 
cable pairs at the repeater. This form of gromded protection does not 
prevent surges which cause the local groimd to rise in potential from 
getting onto the pair; however, it should be of use in areas where a 
good local groimd may be easily achieved, and where power contacts to 
cable shield are a common problem. 

10. CARRIER PRCTECTION AT A SUBSCRIBER'S PREMISES 

10.1 Station carrier may require that stane equipment be installed in 
or on the subscriber's premises. Tbe common grounding practices 

in accordance with TE & CM 805, "Subscriber Station Protection", should 
be followed in those cases. It should be noted that the primary pro- 
tection objectives, when installing any devices on a subscriber's pre- 
mises are to protect the subscriber against electric shock and his 
premises against fire. As a result, connection of the telephone system 
groimd to the electrical system ground, and to a metallic water system, 
if such is available, is very strongly recommended from a safety stand- 
point . 

10.2 All commercially powered telephone equipment installed in or on 
the subscriber's premises should be listed by Underwidters' 

Laboratories, Inc., (UL). This listing provides a reasonable assur- 
ance that equipment installed on the subscriber's premises will not 
cause injury to either personnel or property when the equipment ie 
handled in a reasonable manner. 

10.3 Other specific instructions should be provided by the 
manufacturer. 

11. CHAJlAC/nSRir.TICS OF PROTECTION EQUIPMENT 

11* i U-F.htaing Arresters - The degree of protection that llghtiiing 
arresters provide dspends on their speed of operation, their 
breakdown value, their IZ drop after breakdown, and amount of the total 
current thuy can conduct, thereby quickly reducing the disturbing 
potential to a safe value. A knowledge of (l) the characteristics of 
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the carrier aquiment components subject to damage from electrical 
disturbances, (2) the characteristics of the arrester, and (3) the 
general characteristics of the electrical disturbances is necessazy 
for a satisfactory installation. As a result, the borrower should 
rely heavily on the equipment manufacturer for guidance in this area. 

11.2 Gas Tubes - tube arresters can be obtained in both two- 
element and three-element configurations* Gas tubes can be 
purchased that operate at many different dc breakdown values, beginning 
as low as 90 volts. In order to be effective the dc and surge break- 
down voltages of the tubes must coordinate with the dielectric strength 
and sui’ge current carrying ability of the equipment they are intended to 
protect. There are several important performance variations among the 
gas tubes currently available. Some of the more important character- 
istics include: striking voltage on 500 Volt^/raicrosecond (cable) or 

10.000 Volt/mlcrosocond (open wire) wave fronts, short-duration surge 
current capability, 60 H« power current capability for 11 cycles dura- 
tion, device life when sutijected to repetitive 500-ampere surges, dc 
holdover ratings, or dc clearing potential, impedance when conducting, 
glow range, ruggedness of construction of seal, leakage resulting from 
high humidity or dc voltage, and consistency and predictability of 
operation. Gas tubes generally protect equipment as well as carbon 
arresters and require far less maintenance. For a comprehensive dis- 
cussion of gas tube arresters, see REA TE & CM 823. 

11.21 Che area of particular concern in the use of gas tubes on 

carrier systems is lino-to-line dc holdover. When power supply 
voltages of 135 V or higher line-to-groimd is employed, line-to-line 
voltagee may exceed the dc holdover capability of some tubes. The 
three electrode gas tube may be particularly vulnerable to this problem. 

11. 1 Secondary Arresters - A secondary arrester whose surge breakdown 
voltage does not exceed 2000 volts peak should be furnished 

wherever ac power is supplied to carrier equipment. This arrester is a 
two- or three-pole device providing valve action from line to ground 
when power line voltages exceed about 175 volts rms. When applied to a 
sin/’ile phase, two-wire lead to carrier equipment, the two line leads of 
the protector should be connected to the phase conductor in parallel and 
the ground ie;id ohould be connected to the grounded neutral-conductor. 
Since secondary arresters have been I'urnlshed in the past as protectors 
fer watt-hour meters having dielectric strengths of 9 to 10 kV, some 
se -oiidary ai-rosters available on the market are not satisfactory as 
protectors toi’ can ier equipment whose surge dielectric strength is 
usually less than ?. kV, It is essential that secondary arresters for 
carrier protection be selected only from the "List of Materials Accept- 
able for Use on Telephone Systems of REA Borrowers." 
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11.4 Dr&lnage Unite - These denrices are used to reduce electrleally 
induced 60-cycle voltages which are caused by capacitive cou- 

pllng of power lines in joint use or parallel construction with open 
wire telephone circuits. In addition to cauaing noise and signaling 
problems, this induction may be sufficient to cause a hatardous shcek 
to the lineman. Some of these units operate satisfactorily only at 
voice frequencies while others function well at both voice and carrier 
frequencies. Drainage units included on our List of Acceptable Materials 
are suitable at both voice and carrier frequencies. These units should 
be used as described in REA IE & CM 820, "Open Wire Circuit Proteetim. •' 

11.5 Ihis section is directed at protection of the average carrier 
installation. For situations of persistent outages, carrier in 

close proximity to poiyer stations, stc, , consult TE 4 CM 825» "Situations 
Requiring Special IVotection." 
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i thru 8 - current limiting resistors 
9 thru 16 - Zsner diodes - low voltage protection 

17 - power supply diode 

18 - current limiting resistor 

19 - low voltage gas tube 

20 thru 2 ? - gas tubes - high voltage protection 


Figure 1 - Prptsctlon of A Wire Slnplsat Fed •■psatsr 
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Figxire 2 
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RfflCW'ELY POWSM) RKPEATER - ISOLATED FBCW MGM 



tiN ConcJuctor 


.C/.bln bor.dod Lo HGN 
ni remote locntionr. 


Cable Strand 


Main Cable Shield 




Eqnipmorif. Ilour-inn ^Inoulntion and Air Dielectric 



IiOC'i'l lirontnl 


Figure 3A 
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REMCyriljY POWERED REPEA'fER - ISOLATES) FRCM MOM 


MGN Conductor 
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Figure 3B 
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Figure UC - Remote IMit-Iaolated 
from KCN 


Figure 4D - Unit on Pole vrith MSN 
Ground Bonded to MOi 


Figure 4 - Grounded Joint Use Carrier 
Protection 
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ADDITICfJAL PROTECTION - OPEN WIRE TAPS 


Cable 

Install protsctor on open wire 
at the cable Junction. 

Maks earth ground of 25 ohms or less 

^lOAlC or Larger 


D 

Heavy Duty 

Gas Tube 

y 

.-•-Bridle Wire 
Item "nu" in 
REAis "Ust of 
Material" 

Open Wire 



Figure 5 


ADDITIONAL PROTECTION - OPEN WIRE 



Protected 

Carrier 

Equipment 


Additional Protection 


Install additional protection 1000 feet 
+ 500 feet on each side of equipment. 
Make 25'-ohin or less earth ground. 



‘Item "pv" in REA's 
"List of Materials" 


Figure 6 




